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A.1 GENERAL

The measured peak pressures, P; impulse, I, and radial
distance, R; for the tests described in Volume I are presented
in tabular and graphical form. The scaled distances and scaled
impulses shown for the data points are based on total charge
weight, and have not been adjusted to take into account the
weight of the booster explosive,



TABLE A.1l
TEST DATA
R P I
(FT) tP316) (PS[-MS)
25 LB. BLACK POYDERs .25 LB, 120 DEG. CONE C4 BOOSTER BO 5,6

6.30 32.30 27.60
8.98 13,30 15.60

12.79 §.70  11.80
17.75 5,06 8.77
22.63 3,86 7.40
46,71 1,31 3,22

6.00 32.30 26,90
8.98 13,65 16.60

12.79 G.03 12.50
37 +75 5.34 9.240
22.63 3,77 8.06
46.71 1.25 3.76

25 |.B. BLACK PCWDERs .53°LB, 120 DEG., CONE C4 BCOSTER 80 8,%

* 6.30 43,10 41,64
8.98 19,60 22,20

12.79 12.40 16.10
17.75 7432 12.00
22,63 5,11 i0.30
46,71 1.49 4467

6.30 46,30 43.60C
8,98 19,90 22.50

12,79 12,50 17.20

1775 5,43 12.80
22.563 4,75 13.40
46.71 1.58 4.88

25 (B, BLACK PQYDER, .50 LB, CYLINDRICAL EBOQSSTER BO 13,12

6.00 53.80 45.60

8.98 2250 23.40
12,79 12455 17,20

17.75 745 12,80
22.563 4.90 10.85
46.71 1.56 4.96

8,93 20.20 28,00
12,79 {0.30  16.15

17.75 6.35 13.20
22.563 4,27 11.20
46,71 1.48 4,25



TABLE A.1

TEST DATA

R P 1
(FT) (PSIG) (PSI-MS)

27 LB. BLACK POYDER, .024 LB. TETRYL CYLINDRICAL BOOSTER, RO 14,15 S.P,

4,00 16.90 23,00
6.98 9,30 13,40
10.79 5,56 8,55
15.75 3.54 6.05
20,63 2+31 4,76
44,71 W78 220
4,00 13,10 24,30
6.98 8,85 12.90
10.73 5,36 8.55
15.75 3,16 6.25
20.563 2qll 4.62
44,71 74 2,09

75 LB. BLACK POWDER, .50 LB, C4 CYLINDRICAL BOOSTER, RO 16,18

9.00 37,00 46,50
15,79 12,50 ° 23.90
20.75 8,16 - 13.50
25,63 585 156.80
49.71 2,14 8.70

11.98 19.25 31.60
15.7% 14,40 25,00

20.75 8495 15.90
25,63 6,42 16.35
49'71 2'12 8014

75 LB. BLACX POWGER, .57 L3, C4 CYLINDRICAL BOOSTER, B0 17,19 S.P.

9,00 45,50 55.00
15,79 14,40 25.20

20.75 9,25 21.25
25.63 5,96 16,80
49.714 2.27 7.95
9.20 44,60 50.90
15,7¢ 13,20 25.80
20.75 8,70 20.50
25,63 6,76 17.89
49.71 2.29 9.16



1ABLE AL
TEST JaTa

R P 4
(FT) (P316) (PSI=-MS)

75 LB. BLACK POWDERs 1.0 L3, C4 CYLINDRICAL BOOSTER, RO 20,21

9.00 43,40 77.49G
15.7% 19.00 32.20
20.75 t3.10 2%.40
25.63 335 22.84
49,721 2558 104 43

9.30 62,00 72,10
15,79 13.60 32,60
20.75 12,20 24,60
25,63 820 21,80
49.7¢ T 10,45

75 LB, BLACK POWDER, 1.5 L8, C4 CYLINDRICAL ROOSTER, RO 30,31 S.P.

12.00 35.60 ° 55020

14.98 23.90 34,840

18.79 17.05 31.8Q

23.75 1012 22.50

28,63 8,36 22.30 - )
52,71 2.59 11.63 ) ’
14.98 23,90 37.60

18.79 15,85 28.80

23,75 10.95 22,30

28,63 7.40 26.50

52.71 2.42 11,23

25 LB, BLACKX POWDER, 1.0 L8, C4 CYLINDRICAL BOOSTER, 80 32,33 S.P,

6.00 74,50 58,30
8.98 39.40 38,60
17,75 1530 1715
22.63 7637 14.85
46.71 1.98 6.85
6.00 348460 61.00
8.98 33.50 39.70
12.79 16.19 24,90
17.75 11475 16.50
22.63 7405 14,52
46.71 1|92 6.82



TABLE A.1

TEST DATA

R P [
(FT) {PSIG) (PSI=MS)

25 LB, BLACK POWDER, 0.54 L., PBX CYLINDRICAL BQOSTER, BO 36,37 S,.P,

6.00 62,60 51.60
8.98 32.20 28.20
12.79 14,83 20.6C

17.75 8.59 14.40
22.63 5,86 12.10
46,71 1.61 5.66

6.30° 63,00 57.8Q
8.98 29.20 25.40
12.79 15,45 25,60

17.75 B.66 14.30Q
22.63 5,46 11.60
46,71 152 3,45

150 LB, BLACK POWDER, 1,5 L8. C4 CYLINDRICAL BOOSTER RO 40, S.P.

. 12.00 43,70 80.40
14.98 28,40 49,20
18.79 18.35 39.70 -
23.75 14,40 31.20
28.63 10.50 32.29
52.71 3.30 17.90 )

150 LB, BLACK POWDER, 3,0 LB, C4 CYLINDRICAL BOCSTER RO 471,42 S.P,

12.00 63,00 95.20
14.98 41,40 $§6.50
18.79 25,80 57.50
23.75 19,95 40,40
28,63 13,30 33.243
52.71 3.99 17.63
12.00 61,50 119.50
14,98 37.50 73.10
18.79 23,60 47.00
23.75 19,00 37.70
28,63 11.80 33.40
52.71 3.74 17.30



"TABLE A.1l
TEST JaTA

R P )
(FT) (PSIG) (PSI-MS)

25 LB, SAND» ,25 _B. 120 DEG. CONE C4 BOOSTER BO 1,2

6.00 3.59 2.54
8.98 1.7% 1.20
12.79 1.20 Yo
17.75 78 .49
22.63 «52 .50
46,71 .21 25
6,00 3.68 1.82
8.98 1«73 1.10
12,79 1.05 74
17.75 « 20 .50
22,63 5N 40
46.71 .19 .20
25 LB, SAND., ,53 _B., 120 DEG. CONE C4 BOOSTER BO 3.4
6.00 6.2%5 3.56
» 8.98 2.55 1.98
12.79 . 25 1.93
17.75 .95 .94
22.63 : .64 .74
46071 12‘ 034
6,00 8.6% 4.70
8.98 3.25 2,46
12.79 1.82 1.62
WA iR axs 1.19
22.63 N 1.00
46,71 .32 41
25 LB, SAND,» ,53 _B. CYLINDRICAL C4 BOOSTER BO 10,11

6,00 6.19 7.46
8.98 2.90 4,38
12.79 1.80 2.93
17.75 1.27 1.82
22.63 .92 .98
46,71 .36 67
6.00 4.28 3,24
8.98 2.12 1.91
12179 1-28 1'09
17.75 .90 .78
22.63 72 63
46 .71 29 T



TABLE A.1l

TEST JATA
R P
(PSIC)

(FT)

l
(PS]-MS)

25 LB, SANDs 1.3 _B. CYLINDRICAL C4 BOOSTER BO 22,23:24 STEEL PLATE

25 LB, SAND:» .57 _B. CYLINDRICAL C4 BOOSTER BO 25,26 STEEL PLATE

9.00 3.12 5.23
11,98 2.12 31.64
15.79 1.55% 2.63
20,75 1.:4% 1.99
25,63 .31 1.56
49,71 .42 .65

9000 505:4 5'99
11,98 2.76 3.64
15.79 1.93 2,90
20.75 137 2.03
25.63 .96 1.62
49,71 .47 W75

9,00 3.78 6.91
11.98 2.68 3.88
15.79 1.7% 2.87
20,75 1.13 2.07
25.63 .86 167
49,71 42 81

9.00 1.66 2.04
11.98 1.10 1.23
15,79 .80 .90
20,75 .61 2l
25'63 i45 060
49,71 .25 .33

9000 2.427 1.47
11.98 1.56 1.38
15.79 1.35 1.25
20,75 .84 .92
25,63 .63 .84
49,71 .25 39



- TABLE A.1l
TEST JATA

R P [
(FT) (PSIG) (PSI-MS)

25 LB, SAND» 1,5 _B. CYLINDRICAL C4 BOOSTER BO 27,28,29 STEEL PLATE

12.40 4.16 8.78
14.98 2.60 5.40
18.79 1,94 4,48
23.75 1n53 3,29
28,63 1ol 2 2.88
52.71 .62 1.36
12.00 5,15 8,30
14,98 3.1% 5.31
18.79 2.38 4,16
23.75 1.77 3,09
28,63 1.44 2.74
52.71 .64 1.40
12,00 Bre-2 8.81
14,98 2.71 5.42
18.79 1.99 - 4,86
23.75 1.27 3.19
'28.63 1.06 2-85
52.71 .48 1.45
25 LB, SAND:, ,54 _B., PBX CYLINDXRICAL BOOSTER BQ 34,35 STEEL PLATE
6.00 6.45 6.34
8.98 3,04 T.65
12.79 1.84 2.49
17'75 1011 1‘70
22063 '83 1'37
46'71 '35 '65
6,00 7.06 6£.82
8.98 3.12 4.26
12.79 2.03 2.88
22.63 .87 1,49
46'71 '3? c}?v
150 LB, SAND, 3,0 (B. CYLINDRICAL C4 BOOSTER BO 38,39 STEEL PLATE
12.00 5.96 .00
14.98 3.68 .00
18,79 2.00 .00
23.75 1.98 .00
28,63 1.41 .00
82 % 7 .75 .00
12.00 Ses 710 15,10
14.98 3.42 9.15 o
18.79 2,63 6.95
23.75 1.68 4,88
28.63 1.35 4,38
EV2 el .71 2.04

: A-8



TABLE A.1
TEST JATA

R
(FT)

25 LB, SAND.
6.00
8.98
12.79
17.7%
22,63
46,71

P

.53 -B'

3.33
1'8’
1.25
.7‘-5
.57
.20

[

(PS16) (PSI-M3)

CYLINDRICAL C4 BOOSTER BQ 43 STEEL PLATE
5.86
3,77
2.39
1.58
1.26
.56

>

A-9



TABLE A.2

TEST JATA
R P [
(FT) (PSIG) (PSI-M3)

27 LB, BLACK PQOWDZR, .C24 L3. CYLINDRICAL TETRYL BOOSTER., UNC 1,2 STAND OFF

4'00 4.57 3.6:‘
6.98 2.33 2,13
10.79 1.40 1.35
15,75 .89 .99
20.63 Y .61
44,71 .39 .36

64 LB, BLACK PO4DZR, .024 L3. CYLINDRICAL TETRYL BOOSTER, UNC 4 STAND OFF

d‘00 4'?4 2!66

6.98 1.91 1.56

10.79 1.32 .96

15.25 .90 W72

20.63 <66 62

44.71 .28 .25
:

27 LB, BLACK POWDZIR, .024-L3. CYLINDRICAL TETRYL BOOSTER, UNC 5
4,00 13.80 16.92

6.98 6.84 10.70 ;

) 10,79 4.05 7.35 ;
15;7% 2.56 4.95 '
44,71 o =) /) 3.13

140-LB. BLACK POWJER, .024 LB. CYLINDRICAL TETRYL BOOSTER UNC 6

7.50 16.60 58.10
10.48 11.00 43,50
14,29 8.45 26.30
19.25 7.35 25.272
24,13 7.06 20.60
48.21 2.45 10.40

27 LB, JET MILL PI0DUCT, .024 L3, CYLINDRICAL TETRYL BOOSTER UNC 9

4.00 3.97 18.60

6.98 2.20 19.170

10.79 1.43 6.5C

1.5, 75 18I 4.79

- 20,63 .73 4.08

- 44'71 v27 1-58

. A-10



8 LB. BLACK POW

27

LB8.

TABLE A.3

TEST JATA

R

(FT)

15.59
20.55
25.43
49,51

4.00

6.98
10.79
44,74

BLACK

7.50
10.48
14.29
19.25
24.13
48.21

7.50
10048
14.29
19.25
24.13
48,21

7.50
10.48
14.29
19.25
24.13
48,21

P

!

(psi6) (PSI-M

4
3

2.

17
14
6
D

.68
11
37
.93
.40
.30
.64
'05

POWIER,

28
14
10
)
4
1
23
Iz
8

5
4

.90
.60
.10
51
.70
.54
.90
.40
.45
455
.07

2.G4

23
14
9
5
4

&

.70
.10
.31
.79
37
Y.

5.80
4.71
4.72
2.14
24.40
13.10
9.07
2.72

3024 LB'

32.20
20.60
15.6C
12.10
10.70

5-30
28.5%C
18.2C
13.80
10.4¢

9.12

4,34
32.26
20'20
15.0C
11.30

9.67

4.42

A-11

31

~ER, .n24 LB, CYLINDRICAL TETRYL BOOSTER CON 1,2

cYLINDRICAL TETRYL ROOSTER CON 3,4,5



"TABLE A.3
TEST JATA

R P l
(FT) (PSI6) (PSI-MS)

64 LB. BLACK POWJER, ,u24 LB. CYLINDRICAL TETRYL BOOSTER CON 6,7,8

750 41.00 S5A.60
10.48 24.60 38.70
14.29 19.20 30.0G
19.25 12.00 24.26
24,13 8.21 16.8C
48.21 2.91 10.10

7.50 43.4n 58.14
10.48 25.8n 36,17
14,29 14.60 28.60C
19,25 12.40 23.00
24,13 8.39 26 .60
48,21 2.51 11.00

7450 42,90 52.70
10.48 25.90 36.80

14.29 19.20 29.10
19,25 12.3n 22.80
24,13 7.80 18531
48.21 2.46 10.70

140 LB. BLACK POWJER-'.024 LeolcYLINDRICAL TETRYL BOOSTER CON 9,10

8.50 74.40 83.60
15.29 33.8n 61.20
20.25 25.30 45.10
25.13 16.10 39.3¢C
49.21 4,44 19.2¢C

8.50 89.8n 89.80
15.29 30.40 57.50

20.25 22.6n 45.7¢
2913 16.00 36.30
49,21 4.09 19.20

27 LB, JET MILL PI0DUET, .c24LB. CYLINDRICAL TETRYL BOOSTER CON 11,12

7.50 9.93 13.56
10.48 5.77 10.40
14.29 4.14 8.28
19.25 2.8R 6.15
24,13 2.20 5.85
48.21 G4 3.39

- 7.90Q 11.70 18.70
10.48 6.65 17.90
14,29 4.€1 10.2C
19.25% 2,44 .25
24.13 ;.27 7
48,21 1.17% 1,44

A-12



TABLE A.4

TEST JATA

R P I
(FT) (PS16) (PSI-MS)

27 LB. BLACK PO«DZR S@QUIB IGNITION SQ@ 1,2,3

7.50 20.20 22.32
10.48 11.60 14.40

14.29 6.76 10.940
19.25 4.58 8.05
24.13 4.33 7238
48.21 1.25 3.83
7.50 18.6N 21.1C
10.48 lp.20 13.23
14.29 £.48 9.47
19.25 4.52 7.83
24.13 3.32 6.52
48.21 1.18  3.5C
, 7,30 16.80 20,76
10.48 1g.2n 12.79
14.29 6.60 9437
19.25 4.C5 7.£8
24.13 3.08 6.83
48.21 e 3.28

27 LB, JET MILL PI0CUCT, SQUIB IGNITION SG 4,5

7450 15.40 25.18

10.48 8.40 17.65
14.29 6,32 14.17
19.25 5@ 11.00
24.13 3.79 9.60
48,21 1.45 5,05

7.50 14,60 26,30
10.48 16.80 18,30
14.29 7.34 14,60
19.25 5.C3 11,63
24,13 3.66 12.00

¢ A-13
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PEAK PRESSURE, psig
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PEAK PRESSURE, psig

0

SCALED DISTANCE, AI’ Ap
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B.1 COMPUTATIONAL PROCEDURE

The computational procedure used to obtain TNT equivalencies
is illustrated in this appendix. TNT equivalency for pressure
is defined as the ratio of charge weight (i.e., TNT weight/test
explosive weight) that will give the same peak pressure at the
same radial distance from each charge. Similarly, the TNT
equivalency for impulse is defined as the ratio of charge
weights that will give the same positive impulse at the same
radial distances. Since the booster, used to detonate the
test explosive, propellant, or pyrotechnic may be of the order
of 10 percent of the test material weight it is necessary to
account for its contribution to the explosive output (i.e., peak
pressure and impulse).

The symbols used in this discussion are:

W Weight, 1bs

R Radial distance from charge, ft
)\=R/W1/3 Scaled distance, ft/lbl/3

P Peak overpressure, psig

I Positive impulse, psi-msec

E TNT equivalency, percent

These subscripts and superscripts are self-explanatory
when applied to the above symbols:

S Test sample

B Booster

TNT TNT explosive

I Impulse

P Pressure

* Quantity is not adjusted for booster weight
TOT Total charge weight, booster plus sample

Pressure equivalency is determined by first measuring the
quantities WS, R, and PSB' Where PSB is the peak pressure
measured when the sample, black powder or jet milled material, was

detonated with a C4 booster, it includes an energy contribution
from both C4 and sample.



One must first approximate an equivalent booster weight, in
terms of the Black Powder charge sample weight, so that its
-weight can be included in the total charge weight. The
approximation is found by obtaining A TNT 2 from Figure B1,

for PSB = PTNT‘

The first approximation for TNT pressure equivalency 1is

then
B% = Og/hpyp)” = Ypnr/Vg
where
hg = R/WLLS
and
MONT R/W%Q%'

Since the pressures are to be equal at the same radial distance,
the R's cancel in the above equation. One applies this approxi-
mated equivalency, E;, to the weight of the booster to obtain
the total charge weight

A factor of 1.25 is applied to the C4 booster weight to obtain
its equivalent TNT weight.

A new )\ 1s now computed from

and a corrected pressure TNT equivalency is computed.

E =W

s nt/V

_ 3
tor = Oror/ANr)

B-2.
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The P subscript indicates a scale distance for pressure and
is computed from the revised sample weight. This iterative

. process can be repeated using the revised value of E_ to
recompute the weight of the booster in terms of the sample
weight, etc. However the second iteration has a small effect

on equivalency.

Impulse equivalency is determined by first measuring ws,
R, and Igg- Where ISB is the impulse measured when the sample
Black Powder charge, was detonated with a C4 booster. One
must first approximate an equivalent booster weight, in terms
of the Black Powder charge sample weight, so that its weight
can be included in the total charge weight. The approximation
is found by locating the data point ISB/W1/3: rg On Figure Bl.
A 45 deg line is drawn through this data point to intersect
with the TNT impulse curve. Values of Apyp and ITNT/W1/3

TNT
read at the intersection of the two straight lines. These

are

values give the equivalent TNT weight for equal impulses and
radial distances.

At the data point ISB/W§/3 and A let
= 1/3 _ 1/3
ag = ISB/WS or Igp = ajWg
and / /
- 1/3 _ 15/3
Ag = R/WS or R =W,
For equal impulses
1/3 _ /3
agWs' ™ = arntVNT
or
Isp = Iyt

and for equal radial distances

1/3 _ 1/3
AWy MTNTVINT



Divide these two equations and get

S _2s "
4rNT MTNT
Take the log of the above equation

log ag - log arnT = log Ry, = log ATNT*

This equation shows that a 45 deg construction line on
log-log paper will intersect the impulse curve and data point
in such a way as to satisfy the conditions of equal positive
impulses at the same radial distance.

The first approximation for TNT impulse equivalency is

Bf = Wryr/Vs
By = (ISB/Wé/3)3>/3(ITN£/W%é%)3

Since ISB = ITNT they cancel ig the above equation.

*
One applies this approximated equivalency, EI’ to the
weight of the booster to obtain the total charge weight

Wpop = Wy + (1/ED) Wy (1.25).

A new scaled distance

and scaled impulse is then computed

1/3
Isp/VroT
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B o ' 1/3
This data point is now located on Figure Cl and new ITNT/WTNT

. and \qyp values are determined from the 45 deg line inter-

-gection method described.

The corrected.impulse equivalency then becomes

Ey = ¥pryp/VWror

1/3.3 /3,3
Er = (Igg/Wrop) ™/ (Tpyp/Voyp) ™ -

3.2 Computerized Calculations

The proceedures outlined in the preceeding section have been
ﬁrogrammed so that they may be performed by means of a digital
computer. -Since the experimental data usually exhibits some
scatter, smoothing of the data is performed before TNT equiva-
lencies are computed. The first step in the smoothing is accom-
plished by averaging the pressure-distance (or impulse-distance)
test data obtained under identical conditions in multiple experi-
ments. The averaged experimental data points are then curve
fitted in the log-iog plane, i.e. log P = F (logh) etc. Poly-
nomial fits of first or second order are employed. The best curve
fitted to the data points is selected. It is this fitted curve
~ which is subsequently employed in the computer calculations to
determine the TNT equivalency at distances from the charge that
represent the six gage station locations.

The best curve fitted to the data points is based on that
polynomial where the deviations of the data point from the curve
is less than 10 percent. If a point has more than a 10 percent
deviation, both the pressure and impulse values are rejected.
After a point is rejected the curve fit calculations are repeated
and a new curve to fit the remaining data points is derived.
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B.3 SAMPLE PROBLEM

Test BO - 16 was used for coﬁputing the TNT Pressure

~ Equivalency.
) Wg =75 1b Black Powder
ey
R = 20.75 ft.

4

= 0.50 1b

SB = 8.16 pélg

Test BO-16 is selected to illustrate the method employed
in obtaining the TNT equivalencies. This test gives the fcllow-
ing measurements:

Wg.p.

= 75 1bs.
. W4 = 0.50 1b.
R = 20.75 ft.
ISB'= 18.5 psi-msec.‘

PSB = 8.16 psig

Pressure Equivalency

For Py = By, a scaled distance (Apgp) of 10.9 ££/1b /3 1g

2 obtained from Figure Bl, The scaled distance at the datum point
is found from '

]

B 1/3 _ L3 _
Agp = R/W'BP = 20.75/75 = 4.920

The pressure equivalency, uncorrected for the booster weight is
* :
Ep = (gp/Aqyp)” = (4.920/10.9)3 = 0920, or 9.20%
A correction is now made to include the weight of the booster
. *
. Wpor =Wy p. + (L/Ep) W, (1.25)

= 75 + (1/.0920)(.5)(1.25) = 81.80

where the booster weight is multiplied by 1.25 to obtain the
equivalent INT weight of the C4 booster

B-7



The corrected scaled distance becomes- e e e -
= /3 _ /3.5
Apor = R/W'TOT = 20.75/81.8 = 4.780

The pressure equivalency corrected for inclusion of the booster
weight is

_ 3 _ 3 _ _
Ep = (Apop/Mpyp)~ = (4-780/10.9)° = .0843 = 8.437%

This procedure is repeated until no significant change occurs
in the computed value of the equivalency. For this problem, the
final pressure equivalency is 8.437%.

Impulse Equivalency

A scaled impulse is first computed based on the charge
weight. '

1/3 _ 1/3 _
ISB/WBP .~ = 18.5/75 = 4,387
The corresponding scaled distance Agp = 4.920

The point representing these values is located on Figure BIl.

To obtain the TNT impulse at equal radial distance and equal

impulse, a 45° line is constructed through this point to the

TNT impulse curve. The TNT scaled impulse va17e at the point
: ; : . 1/3 _

of intersection of the two lines 1is ITNT/W’TNT 8.1

The impulse equivalency is then

' e -1/3
. Ep = (gp/Wap )/ gy /My

1/3)3

- (4.387/8.1)3 = .1589 = 15.89%

A correction is now made to account for the booster weight

- * ' _ i _
Wpop = Wgp + (L/E; ) W, (1.25) = 75 + —yegg (.5)(1.25)=78.93



The new scaled distance and scaled impulse, based on the corrected

weight is _
= 1/3 _ 1/3 _
Aot R/WTOT = 20.75/78.93 = 4.837
1/3 & B/
ISB/W'TOT = 18.5/78.93 = 4.313

The intersection of the 45° line drawn from the corrected point to
the impulse curve gives a TNT scaled impulse value of 8.1. The
corrected impulse equivalency is

. 1/3 1/3y3
Ny (Tgp/Wpor ™) / (Ipyp/Wyr™ )
= (4.313/8.1)3 = .1509 = 15.09%

Interation of this process brings a final TNT impulse equivalency
of 14.97%.
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C. GENERAL'

The computed pressure and impuise equivalencies for the
tests described in Volume I are given iﬁ tabular and graphical
form. The pressure and scaled impulse shown in the tables are
based on the curve fitted to the data points given in Appendix A.
The mathematical method for computing the equivalencies is de-
scribed in Appendix B. The scaled quantities, i.e. impulse and
distance, are based on the total.charge weight which includes a

correction for the booster weight.

C.2 NOMENCLATURE

In this appendix, the following table headings are defined

as;
R gauge distance,.ft
P peak overpressure based on curve fit, psig

I/Wl/3scaled impulse, where I is the positive impulse based
on curve fit, and W is the total weight of explosive

corrected to include booster weight, psi-msec/lbl/3

ZP scaled distance, )A_, is used in pressure equivalency
calculations, ft/lbl/3

Z1 scaled distance, X;, used in impulse equivalency
calculations, ft/lbl/3

EP TNT Pressure Equivalency, percent

EI TNT Impulse Equivalency, percent
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D.1 GENERAL

Pressure~time functions were monitored at locations as
described in Volume I. The pressure-time signals were integrated
to produce impulse-time functions. Data Signals were recorded
on magnetic tape and reproduced on an oscillograph recorder. The
following subsections contain a description of the instrumentation
equipment, calibration technique and computational procedure
- employed on the test program.

D.2 PRESSURE MEASURING SYSTEMS

The pressure measuring systehs employed in the test program
were manufactured by Photocon Research Products (PRP). These
systems consist of three elements: the Dynagage (DG605D), a
transmission 1iné, and the pressure transducer (Type 752A).

The Photocon Type 752-50 psig transducer has a dynamic range
of 0 to 50 psig and frequency response of 0 to 10 kHz. The dia-
phragm of the transducer, in conjunction with an insulated sta-
tionary electrode, forms an electrical capacitor. The pressure
to be measured is applied to the diaphragm, causing a change in
capacitance proportional to the applied pressure. The transducer
capacitance and a built-in inductance form a tuned radio-frequency
circuit. The tuned circuit is line-coupled, by means of a low
impedance cable, to a Dynagage system consisting of an oscillator-
detector circuit and a cathode-follower amplifier. The changes
in capacitance produce changes in the diode detector impedance,
and thereby produce a signal voltage proportional to the applied
pressure,

The transducers were removed from their water-cooled flame
shields and placed in a mounting adapter. The adapter was designed
to provide flush mounting of the diaphragm. The electrical insu-
lation material was used to break ground loops, thus reducing

interference caused by stray pickup and intercarrier beats,

The transducers were installed flush with the ground surface
in mechanically isolated steel mounting plates on the centerlines

of a 75-ft-long by 10-ft-wide concrete slab, Pressure measurements



were made at six stations along the blast gage line. The trans-
mission lines were run, in conduit in the near-field and above-
ground in the farfield, to the instrumentation trailer.

D.3 RECORDING INSTRUMENT

Hewlett Packard (HP) Model 8875A differential amplifiers

- were used to condition the data signals for magnetic tape recording.
These units were used to provide a voltage gain and impedance match
between the pressure measuring system and magnetic tape recorder.

The data signals were dual recorded by using two magnetic
tape recorders; an Ampex CP-100 and an Ampex AR-200. The CP-100
was considered the primary recorder. The recording levels on
this machine were adjuéted so that the anticipated signal levels
would produce a full scale recording. The AR-200 was used as a
"back-up" for the case where the actual signals were greater than
anticipated. The recording levels on this machine were adjusted
so that the anticipated data signals would produce a one-fifth of
full scale recording. The instrumentation equipment proceeding
the recorders had the required dynamic range to accommodate both
recorders.

The recording format was the same for both recorders; thirteen
(13) FM recording tracks were used for data recording, and a single
channel of direct recording was used for time base signals, Data
recorded on the AR-200 was reproduced on the CP-100, when required.
Both tape recorders conform to specifications for the IRIG inter-
mediate band.

D.4 PRESSURE IMPULSE MEASUREMENTS

The pressure impulse is defined as the area under the pressure
time history

t
(o]

S—

where P is the pressure and t is the time.
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The signal voltage at the output of the Model 8875A amplifier
is an electrical analog of the pressure-time history. This sig-
nal was used as input to a Tektronix Type O operational amplifier,
where the electrical integration was performed. The integrated
- signal was amplified and in turn, recorded on the magnetic tape
recorders.

D.5 DATA REPRODUCTION

Oscillograph reproductions of the magnetic tape recordings
were made by employing Consolidated Electrodynamics Corp. (CEC)
Type 1-172 Driver Amplifiers to drive a CEC Type 5-124 Recording
Oscillograph. The oscillograph was equipped with CEC Type 7-363
galvanometers. -

The pressure data were recorded at a tape speed of 60 ips
and reproduced at a tape speed of 1-7/8 ips, resulting in a
frequency division of 32, The oscillograph paper speed was 32
ips. For these conditions, the oscillograph has a horizontal
resolution of 976 psec/in. and an effective frequency response
from dc to 20 kHz, referred to real time.

D.6 BLOCK DIAGRAM

A simplified block diagram of the record/reproduce instru-
mentation system is shown in Figure D.l. Two data channels are
shown; a pressure recording channel and an impulse recording
channel, 1In the test program, six (6) pressure recording channels
and six (6) impulse recording channels were employed.

In addition to the equipment described, the monitoring and
signal control equipment is shown. The data channels were moni-
tored and an electrical calibration signal was recorded on each
data track immediately preceding each test.run. The electrical
calibration signal is a voltage simulation of a predetermined
. impulse or pressure level. This signal is used in data reduction
and to verify the integrity of the record/reproduce system.
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D.7 CALIBRATION PROCEDURES

The primary purpose of the calibration series is to
establish sensitivity factors for each pressure measuring
system, A precisely known pressure is applied to the trans-
ducer. The applied pressure causes a voltage rise at the
output of the Dynagage Amplifier. The sensitivity factor (k)
- is the output voltage from the Dynagage (V) divided by the
applied pressure P.

K = % (Volts/psi)
The Photocon systems were calibrated at five points in

the range 0 to 50 psi. The quantity K for the range is the
arithmetic mean of the values of K determined at all the points.

.
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E.1 GENERAL

Pressure and impulse equivalency were computed for each of
the measured data points given in Appendix A. Because of the
scatter in the raw data, which is amplified when equivalencies
are calculated, these results are not considered as useful as
that based on the "fitted" data and presented in Appendix C.
However, for the sake of completeness, these equivalencies are

presented in this appendix. 2

E.2 NOMENCLATURE

The letter R used in table E.l1 is the radial distance from
the charge to the gauge.
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Table E.1 RAW DATA EQUIVALENCY

Pressure Impulse
Equivalency Equivalency
R (ft) (%) (%)

25 1b. Black Powder, 0.025 1b. 120 Deg. Cone C-4 Boostexr, BO - 5, 6
6.00 3.67 12.59
8.98 3.58 9.34
12.79 6.00 10.45
17.75 6.40 10.87
22.63 8.26 12.17
47 .61 7.04 9.86
6.00 3.67 12.07
8.98 3.76 10.38
12.79 6.44 11.52
17.75 7.17 11.78
22.63 7.84 14.02
. 46.71 6.19 12.80

25 1b. Black Powder, 0.50 1b. 120 Deg. Cone C-4 Booster, BO - 8, 9
6.00 4.72 23.31
8.98 5.93 15.61
‘ 12.79 10.04 16.27
] 17.75 12.09 17.02
22.63 13.62 19.68
46.71 8.63 17.04
6.00 5.41 25.22
8.98 6.10 17.23
12.79 10.19 18.25
17.79 6.20 19.03
22.63 11.62 20.01
46.71 10.20 ~18.39
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Table E.1 RAW DATA EQUIVALENCY

. Pressure Impulse
- Equivalency Equivalency
R (£t) (%) (%)
25 1b. Black Powder, 0.50 1lb. Cylindrical C-4 Booster, BO - 13, 12
' 6.00 7.08 2717
8.98 7.72 17.11
12.79 10.27 18.25
17.75 12 ;.52 19.03
"¢ 22.63 12.44 2149
46 .71 9.84 18.91
8.98 6.28 23.22
12.79 6.97 16.36
17.75 8.92 20.05
22.63 9.04 22.68
46.71 8.46 14.45

25 1b. Black Powder, 0.50 1b C-4 Cone and Cylindrical Booster,
BO - 8, 9, 13, 12

'6.00 4.72 23.31
8.98 5.93 15.61
12.79 10.04 16.27
17.75 12.09 17.02
22.63 13.62 19.68
46.71 8.63 17.04
6.00 5.41 25.22
8.98 6.10 17.23
12.79 10.19 18.25
17.75 6.20 19.03
22.63 11.62 20.01
46.71 10.20 18.39
6.00 7.08 Al T
8.98 7.72 17.11
12.79 10.27 18.25
17.75 12.52 19.03
22.63 12.44 21.49
46.71 9.84 18.91
8.98 6.28 23.22
12.79 6.97 16.36
17.75 8.92 20.05
22.63 9.04 22.68
46.71 E-3  8.46 14 .45



Table E.1 RAW DATA EQUIVALENCY

27 1b. Black Powder, 11 Gram Tetryl Booster, BO -

75 1b. Black Powder, 0.50 1lb.

C-4 Cylindrical Booster, BO - 16,
L7
14.

14.
17

9.
15.
20.

25

25

49.

00
79
75

.63
49.
Ll
15.
20.
.63

71
98
79
75

71
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Pressure
Equivalency
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4.00 45
6.98 1.10
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15.75 2.39
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6.98 1.01
10.79 1.65
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97
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'51
14'
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95
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Table E.l1 RAW DATA EQUIVALENCY

Pressure Impulse
Equivalency Equivalency
R (ft)
75 1b. Black Powder, 0.50 1b. C=4 Cylindrical Booster, BO - 17, 19SP
9.00 7.81 23.12
15.79 8497 16.02
20.75 10.51 17.29
25.63 9.42 17.83
49.71 10.51 15.16
9.00 7.59 20.47
15.79 7.80 16.63
20.75 9.45 17463
25.63 11.91 19.54
49.71 10.73 19.10
75 1b. Black Powder, 1.0 lb. C-4 Cylindrical Booster, BO - 20, 21
* 9.00 13.30 38.58
15.79 12.90 22.79
20.75 17.70 23.90
25.63 16.47 28.01
49.71 12.99 22.39
9.00 11.26 35.23
15.79 12.48 23.25
20.75 15.75 22.69
25.63 15.94 26.05
49.71 12.99 22.56
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Table E.1  RAW DATA EQUIVALENCY

Pressure Impulse
Equivalency Equivalency
R (ft)
75 1b. Black Powder, 1.50 1lb. Cylindrical C-4 Booster, BO - 31, 30
12.00 13.21 351,23
14.98 15,37 23.78
18.79 19.40 29.38
23.75 17.94 24,31
28.63 23.65 32.60
5271 16.23 29.29
14.98 15.37 26.95
18,79 17.32 25.04
23.75 20.48 23.96
28.63 19.04 28.08
. 52.71 13.85 27.69
25 1b. Black Powder, 1.00 Cylindrical C-4 Booster, BO - 32, 337 -
© 6.00 971 38.11
8.98 16.38 36.91
12.79 21.96 30.75
17.75 24 .24 28.46
22.63 25.56 33.67
46.71 16.04 29.99
6.00 13.38 41.17
8.98 12.34 38.73
12.79 1672 31.41
17.75 25.98 26.71
22.63 23.39 82'.84:
46.71 14.78 29.76
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Table E.1 RAW DATA EQUIVALENCY

Pressure Impulse
Equivalency Equivalency
R (ft)

25 1b. Black Powder, 0.540 1b. Cylindrical PBX Booster BO - 36, 37
6.00 8.94 33.08
8.98 13.74 28,81

12.79 13.62 24.56
17.75 16.25 23.03
22.63 17.88 25.61
46.71 10.56 23.45
6.00 9.04 39.80
8.98 11.77 23.59
12.79 14.66 35.20
1775 16.50 22.76

. 22,63 15.46 23.86
46.71 8.95 21.99

150 1b. Black Powder, 1.50 lb. Cylindrical C-4 Booster, BO - 40 ,
12.00 8.48 31.40
14.98 9.49 20.27
18.79 10.44 20.49
23.75 15.43 20.09
28.63 16.93 28.27
52.71 13 .45 28.66
150 1b. Black Powder, 3.0 1lb. Cylindrical C-4 Booster, BO - 41, 42

12.00 13.17 39.70
14.98 15.15 31.51
18.79 16.16 35.65
285 24.01 29.10
28.63 23.51 28.44
52.71 18.84 26.66
12.00 12.69 50.41
14.98 1:34'03 36.76
18.79 14.06 25.60
235D, A2 25.95
28.63 18.70 28.72
52.71 16.34 25.91
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Table E.1 RAW DATA EQUIVALENCY

Pressure Impulse
Equivalency Equivalency
R (ft)

27 1b Black Powder, 0.024 lb. Tetryl Ignitor Unconfined on Stand-Off,
UNC - 2

4.00 = .210
6.98 - .219
10.79 - .202
15.75 - .233
20.63 - .267
44.71 - .236

64 1b. Black Powder, 0.024 1b. Tetryl Ignitor Unconfined on Stand-Off,
UNC - 4

4.00 - .039
6.98 = .040
1.9.79 e .032
- 15.75 - .039
~20.63 = .060 .
44,71 - .038
27 1b. Black Powder, 0.024 1lb. Tetryl Ignitor Unconfined,UNC -5
4.00 .305 4.17
6.98 .620 3.69
10.79 .934 3299
15275 1.18 3.88
44,71 10.04 9.11
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Table E.1  RAW DATA EQUIVALENCY

Pressure Impulse
Equivalency Equivalency
R (ft)
140 1b Black Powder, 0.024 1b. Teéryl Ignitor, Unconfined,UNC - 6
7n5 .669 10 562
10.48 1.00 11.24
14.29 1.69 8.28
19.25 3,81 12.16
2413 6. 11 12 .44
48.21 6.50 12.29
27 1b Jet Milled Material, 0.024 1b Tetryl Ignitor, Unconfined,UNC -9
4.00 - 3.75
6.98 - 3.37
10.79 - 3.29
L5875 = 3.64
20.63 N 4.27
44.71 - 815
8 1b Black Powder, 0.024 1b Tetryl Ignitor, Confined, CON - 1, 2 .
15.59 13.60 16.29
20.55 14.12 L7.92
25.43 14.55 24.79
49.51 13.60 19.95
4.00 1.58 19,29
6.98 D...3 17.08
1, 79 8.27 18.67
44.71 13.15 24.78
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Table E.1 RAW DATA EQUIVALENCY

Pressure Impulse
Equivalency Equivalency
R (ft)
27 1b. Black Powder, 0.024 1lb. Tetryl Ignitor, Confined,CON - 3, 4, 5

7.50 7.54 22 142
10.48 8.01 17.84
14.29 11.71 19.38
19.25 14.70 20.50
24.13 15.36 2379
48.21 12.08 22.83

7.50 5.52 19.01
10.48 6.27 15.44
14,29 8.78 16.07
19.25 10.52 16.27
24.13 11.69 18.64
48.21 22.69 16.94

L 7.50 5.76 22.42

10.48 ' 7.61 L5LLE
14,29 10.28 18.25
19.25 L1 .35 18.46
24,13 13.39 20.38
48.21 10.68 17.30
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Table E.1 RAW DATA EQUIVALENCY

Pressure Impulse
Equivalency Equivalency
R (ft)

64 1b Black Powder, 0.024 1b. Tetryi Ignitor, Confined,CON - 6, 7, 8
7.50 5.07 23.54
10.48 7.06 20.58
14.29 12.59 22.14
19.25 15.83 24,86
24,13 17.19 25.62
48.21 20.37 25.71
7.50 5.46 23.24
10.48 7.52 18.52
14.29 8.64 20.59
19.25 16.64 23.01
24.13 17.81 40.13
48.21 14,97 29.27

" 7.50 5.38 20.03
10.48 7.56 19.07
14.29 12.77 21.14
19.25 16.43 22.70
24,13 15.80 24 .64
48.21 14.34 28.07

140 1b. Black Powder, 0.024 1b Tetryl Ignitor, Confined,CON -9, 10

8.50 el 22.24
15.29 15.36 33.08
20.25 24,17 31.55
25.13 24.84 35.26
49.21 22 .45 B2 =7
8.50 5.78 24,80
15£29 13.12 30.09
20,425 20.86 32.19
25.13 24.62 31.525
49.21 19.46 32.17



Table E.1 RAW DATA EQUIVALENCY

Pressure Impulse
Equivalency Equivalency
R (ft)

27 1b. Jet Milled Material, 0.024 1b. Tetryl Ignitor, Confined ,
CON - 11, 12

7.50 1.55 5.91
10.48 178 6.54
14.29 2.42 y
19.25 2.90 7.27
24.13 3.26 9.44
48.21 3.76 11.53

7.50 2.03 9.76
10.48 2.24 15.06
14.29 2.99 10.11

. 19.25 4.13 17,43

24.13 4.58 12177

. 48.21 5.86 11.79

27 1b. Black Powder, Squib Ignitor, Confined, SQ - 1, 2, 3 '

7.50 % X2 12.90
10.48 5.77 10.90
14.29 6.14 11.31
19.25 7.49 11.10
24.13 13.27 13.51
48.21 7.55 14.29

7.50 4.20 11.86
10.48 4.59 9.55
14.29 5.70 9.14
19.25 7.30 10.64
24.13 7.92 11.21
48.21 6.60 12.22

7.50 3.64 11.52
10.48 4,78 9.01
14.29 5.89 8.99
19.25 5.93 10.34
24,13 6.81 12.09
48.21 5.72 11.07
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Table E.1 RAW DATA EQUIVALENCY

R (ft)

Pressure Impulse
Equivalency Equivalency

97 1b. Jet Milled Material, Squib Ignitor, Confined, SQ - 5, &4

7.50
10.48
14.29
19.25
24.13
48.21

7.50
10.48
14.29
19.25
24.13
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